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PURPOSE: To improve the S /N ra tio of a reproduced signal by laminating the 1st 
and the 2nd magnetic film layer which differ. in refractive index on a transpar- 
ent substrate and utilizing Fraday effect and Kerr effect in combination. 

CONSTITUTION: On the transparent substrate 5, the 1st magnetic layer 1 and the 
2nd magnetic layer 2 are laminated. Both magnetic layers consists of vertically 
magnetized films which differ in refractive index sufficiently and reproducing 
light is reflected by the interface between the magnetic layers 1 and 2. The 
repoducing light A entered from the substrate side 5 is reflected partially by 
the surface of the 1st magnetic layer 1 and its reflected light B has the plane 
of polarization rotated by Kerr effect. The transmitted light has the plane of 
polarization rotated by Faraday effect, and also has the plane of polarization 
rotated^ b y K err^ef feet when reflected by the interface with the magnetic film 
Hind the plane of the polarization rotated again by Faraday effect when trans- 
mitted through the magnetic film 1 to obtain reflected light ^. -The-directions of 
rotations bt Faraday effect and Kerr effect are made coincide with each other. 
Consequently, the reflected light B and reflected light C become to be arithmet- 
ically, thereby improving the S/N ratio of reproduction. 





I 



i 



©Int. CL 3 
G 11 B 11/10 
G 06 K 19/02 
G 11 B 5/62 
G 11 C 13/06 



© & 93 ft ?F £ ft (A) HS58-153244 

K»JE* ifrtSS*^ O&H BSft58^(1983) 9 ^12B 



7426-5 D 
6798-5 B 
6835-5 D 
7343-5 B 



%m<o& 1 



(£ 3 H) 



@ft HI HS57-35581 

H 8357(1982)3 ^ 5 B 

rmm*?pmioo6#m v T« 



PWrfi*¥PWl006#Jfefe v T« 

pwm**pwioo6#* 



9! la * 

J2) jpi ttfiRlXC/»28ttK-»i^^a» 

7^-[2)G^|B]&C/3P2fiftte«0^-[2]G^in] 

&tt rc a u + a n 5 a h n * fc- J? t *r u , 
a wt* 2 aits ± je^ sp©*tt satfc-i&Ji* 

3, fc^Otffflttlii^ 



*fc«iii'-*-ft©Jhfcf»)fflLTes*fTtt 
E«a(*©-«-iBL*»f«jmT* ttufc'tt-ett < , ft 

8B*<fi*» < 0 S 8 t /hfflrCT £ * - 5ft 



-223- 



s/noc 0 
s/n oc i 0 . e 

*t*>& 0 x -ixns. s n ifc©fsj±ofc y>rc a. 
. *'**-©***»£•?**. tjswpii, aft 

* 1 1 ©a -@e^|^fj:c;7 7 7 f- 

ft "tf" -?> ^ ftii8A'T£>£>©~C\ 2o©£j3$Tifio 

It^c £ rc £ Q 

. f e2^0«tt«3, -* (2 * ©Jgtfr$iO£ *Mn<* 



HISW58-l53244 (2) 

c n * * 1 2 o®&* i . 2 (ia«M 

3WlfiBJ:ftsi^ n rp 4e j. e 

Lr» 2 2 i offfirca u m2fcfc*2 

R«t\ #2 «fi«_4 ©«d5T©s^7tc friita* 

Tttattffi^Efc LTftlRto*©* e^^ It* 2 
5fitt*4io^ l fi W :*t, *2 4 oaig-e 

-»IC0fE1-* o HI, !2|<il4o^ 

3 A f * tz 7 7 y T - #j $ X r> x fl 3t f£ & $ 
bKClalGLTSi tttt« 3 ©nrctB^o -k->T, 

SB 1 «tt*3©^[ST©Rftt7tB £ 2oO«^« 

f:jtcoft^»ifa$ nic <trctt* 0 ccx%a 



-224- 




oi:»cjg [i fflttl3HT&a fb re ^XTjTT] 
ix siojfcff $ 1 o o i vex* u <**rc*©± 

Tl? 300 lRi^«HO*»«E«tt*»Co 
1 . 3 % i flt£fl % 2 , 4 * 2 



_ TBIB58-153244 (3) 




/4 6 



(19) JAPAN 

(12) Official Gazette for Unexamined Patents (A) 

(11) Kokai No.: 58-153244 

(Published unexamined patent publication) 

(43) Kokai Publication date: September 12, 1983 

(21) Application No.: 57-35581 

(22) Application date: March 5, 1982 

(51) IPC: G 11 B 11/10 

G 06 K 19/02 

G 11 B 5/62 

G 11 C 13/06 

(72) Inventors: Yoshihiko Kudo, and Masahiro Otomekawa. 

(71) Applicant: Matsushita Denki KK 
(54) Photomagnetic recording medium 



1 



1. Title of invention: /223 * 
Photomagnetic recording medium 

2. Claim: 

(1) A photomagnetic recording medium which is produced by placing 
a laminated recording layer (consisting of the first magnetic film layer 
and the second magnetic film layer having different refractive indices) 
on a transparent substrate. 

(2) A photomagnetic recording medium, described in Claim 1, in 
which the laminated recording layer (made of the first magnetic film 
layer and the second magnetic film layer) consists of two vertically 
magnetized films which satisfy the following: the direction of rotation 
(of the plane of polarization) by the Kerr effect in the first magnetic 
layer (located on the side where the reproducing light enters), the 
direction of rotation by the Faraday effect in the same layer, and the 
direction of rotation by the Kerr effect in the second magnetic layer 
all coincide with each other in relation to the wavelength of the 
reproducing light; the first magnetic layer has an appropriate thickness 
for sufficient transmission of the reproducing light in both directions; 
and the second magnetic layer is put in contact with the first magnetic 
layer directly or with a thin - film substance (which is transparent to 
the reproducing light and has a refractive index different from that of 
the second magnetic layer) in between. 



* Numbers in the margin indicate pagination in the foreign text. 



2 



3. Detailed explanation of the invention: 
[Industrial field] 

This invention pertains to a photomagnetic recording medium which 
uses the heat from laser beams for recording and uses the magneto- 
optical effect for reproduction. 

Normally, a photomagnetic recording medium is made by forming a 
thin magnetic film on a substrate. Some photomagnetic recording media 
use the Faraday effect for their reproduction method, whereas others use 
the Kerr effect. A medium using the Faraday effect detects the 
direction of magnetization using the rotation of polarization plane by 
light transmission. Since the light source and the detector are 
arranged to face each other, only one side of the recording medium can 
be used. Also, this tends to lengthen the optical path and make the 
device large-sized. On the other hand, a medium using the Kerr effect 
detects the direction of the rotation of the polarization plane using 
light reflection. Since light source and the detector are placed on the 
same side of the recording medium, the recording can be performed on 
both sides of the recording medium. Also, the optical path can be 
shortened, which makes the device compact. However, the Kerr effect 
produces weak signals which are difficult to detect. A proposal has 
been made to place a metal reflector film on the back side of the 
recording medium for utilizing the Faraday effect. However, no such /224 
medium has been obtained with a satisfactory S/N ratio in the 
reproduction. 

This invention (which solves the conventional problem) is a 
reflection-type photomagnetic recording medium having a multi-layer 
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structure of thin magnetic films. This structure provides a high S/N 
ratio in the reproduction based on the advantage of the reflection-type 
method of reproduction. 

When the noises are predominantly shot noises, the S/N ratio in the 
reproduction will be: 

S/NocJT^.Q 

When the noises are predominantly amplifying noises, the S/N ratio 
in the reproduction will be: 

s/N«i 0 -e 

Here, I Q is the power of the reproducing light which reaches the 
detector; and 6 is the angle in which the polarization plane of the 
reproducing light is rotated by the recording medium. In order to 
improve the S/N ratio, it is necessary to increase the rotation angle of 
the polarization plane of the reproducing light and the powder of the 
reproducing light which reaches the detector. In this invention, the 
recording layer (made of thin magnetic films) consists of multiple 
layers in order to effectively combine the rotation of the polarization 
plane of the reproducing light by reflection (the Kerr effect) and the 
rotation of the polarization plane of the reproducing light by 
transmission (the Faraday effect). Therefore, it is possible to 
increase the rotation angle of the polarization plane of the reproducing 
light and the powder of the reproducing light which reaches the 
detector; and the S/N ratio in the reproduction can be improved. 

The invented photomagnetic recording medium will be explained below 
using the figures showing some practical examples. 
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Figure 1 shows a practical example of this invention. In this 
figure, Item 1 is the first magnetic layer; and Item 2 is the second 
magnetic layer. The first and second magnetic layers 1, 2 are laminated 
together and placed on a transparent substrate 5. The first and second 
magnetic layers 1, 2 are vertically magnetized films with their 
refractive indices differing from each other. In this case, a 
reproducing light is reflected sufficiently at the interface between the 
two magnetic layers 1, 2. In this construction, the reproducing light 
A enters from the side of the substrate 5, and is partially reflected on. 
the surface of the first magnetic layer 1. The reflected light B has 
its polarization plane rotated by the Kerr effect. The transmitted 
light has its polarization plane rotated by the Faraday effect, reaches 
the interface with the second magnetic layer 2, and is reflected on the 
surface of the second magnetic layer 2. At the time of the reflection, 
the polarization plane is rotated by the Kerr effect. The reflected 
light C (reflected on the surface of the second magnetic layer 2) is 
transmitted through the first magnetic layer 1 in the reverse direction, 
and has its polarization plane rotated by the Faraday effect when the 
light exits the first magnetic layer. Therefore, the detector detects 
a combination of the reflected light B (reflected on the surface of the 
first magnetic layer 1) and the reflected light C (reflected at the 
interface between the two magnetic layers 1, 2 and transmitted through 
the first magnetic layer 1). The direction of rotation by the Kerr 
effect and the direction of rotation by the Faraday effect in the first 
magnetic layer 1 and the direction of rotation by the Kerr effect in the 
second magnetic layer 2 are all set to coincide with each other. 



Therefore, the rotation angles of the polarization plane of the 
reproducing lights (which passed two different optical paths) are 
combined together, and so are the powder of the reproducing lights which 
reach the detector. Thi s improves the S/N ratio in the reproducti on. 

Figure 2 shows another practical example of this invention. In 
this figure, Item 3 is the first magnetic layer; and Item 4 is the 
second magnetic layer. The first and second magnetic layers 3, 4 are 
laminated together and placed on a transparent substrate 5. The first 
and second magnetic layers 3, 4 are vertically magnetized films with 
their refractive indices differing only slightly from each other. In 
this case, the reflected light on the surface of the second magnetic 
layer 4 will be reduced. Therefore, a thin-film substance 6 (which is 
transparent to the reproducing light A and has a refractive index 
sufficiently different from that of the second magnetic layer 4) is 
placed between the two magnetic layers 3, 4 in order to increase the 
reflected light C from the surface of the second layer 4 for higher 
effect. In this construction, the reproducing light A enters from the 
side of the substrate 5, and is partially reflected on the surface of 
the first magnetic layer 3. The reflected light B has its polarization 
plane rotated by the Kerr effect. The transmitted light has its 
polarization plane rotated by the Faraday effect, reaches the interface 
with the second magnetic layer 4 via the thin-film substance 6, and is 
reflected on the surface of the second magnetic layer 4. At the time of 
the reflection, the polarization plane is rotated by the Kerr effect. 
The reflected light C (reflected on the surface of the second magnetic 
layer 4) is transmitted through the first magnetic layer 3 in the 



reverse direction, and has its polarization plane rotated by the Faraday 
effect when the light exits the first magnetic layer 3. Therefore, the 
detector detects a combination of the reflect ed light-. (reflected on 
the surface of the first magnetic layer 3) and the ref lected j jLghfc^C 
(reflected at the interface between the two magnetic layers 3, 4 and 
transmitted through the first magnetic layer 3). The direction of 
rotation by the Kerr effect and the direction of rotation by the Faraday 
effect in the first magnetic layer 3 and the direction of rotation by 
the Kerr effect in the second magnetic layer 4 are all set to coincide 
with each other. Therefore, the rotation angles of the polarization 
plane of the reproducing lights (which passed two different optical 
paths) are combined together, and so are the powder of the reproducing 
lights which reach the detector. This improves the S/N ratio in the /225 
reproduction. 

In an actual example, the transparent substrate 5 was made of 
glass; GdTbFe was used to form the first magnetic layer 3 (with the 
thickness of 250A) over the substrate by sputtering; Si0 2 was used to 
form the transparent thin-film substance 6 (with the thickness of 100A) 
by vapor deposition; and GdTbFe was used to form the second magnetic 
layer 4 (with the thickness of 300A) over the above layers by 
sputtering. When we measured the S/N ratio of this photomagnetic 
recording medium, we found that it was about 6dB higher than the S/N 
ratio of a medium with a single magnetic recording layer. 

As described above in detail, the invented recording medium has two 
magnetic recording layers in order to combine the Kerr effect and 
Faraday effect in both layers. Therefore, the S/N ratio in the 
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reproduction 'can be improved significantly from the level of a 



conventional medium with a single magnetic recording layer. 
4. Brief explanation of the figures: 

Figure 1 is a cross-sectional view of a photomagnetic recording 
medium which is a practical example of this invention; Figure 2 is a 
cross-sectional view of a photomagnetic recording medium which is 
another practical example of this invention. 

1, 3... First magnetic layer; 2, 4... Second magnetic layer; 5... 
Transparent substrate; 6... Transparent thin-film substance. 
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Figure 1 



Figure 3 
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